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The kinetic results, as well as helping to describe and validate the model of hyaluronate-proteoglycan interaction, are also of value in the design of experiments. In the experiment shown in Fig. 1 equilibrium is only attained after approx. 1-lfh, as monitored by light-scattering (which will not be very sensitive to the final stages of equilibration), and clearly, as formation of the complex is, presumably, a diffusion-controlled process, the rate constants determined in this study are themselves a function of the sizes of the hyaluronate and proteoglycan molecules used. Thus in many experiments in which the size of hyaluronateproteoglycan complexes or the degree of aggregatability of a proteoglycan preparation is being measured, or in which aggregatable proteoglycans are being fractionated from nonaggregatable proteoglycans on the basis of hyaluronate-binding alone, both the equilibrium and kinetic parameters discussed in the present communication will need to be taken into consideration if correct results are to be obtained.
However, the major value of such equilibrium and kinetic data will, undoubtedly, lie in their ultimate contribution to our understanding of the functions of the various cartilage macromolecules. For if, for example, the dissociation constant for hyaluronate-proteoglycan in solution at physiological ionic strength, pH and temperature may be extrapolated to the context in vivo, there is little need for additional stabilization by a link protein, which re-opens the issue of the true function of link protein.
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The information obtainable from diffraction studies on biological materials depends, obviously, on the nature of the material. Crystals potentially yield most information because the contents of the crystal unit cell are repeated in precisely the same orientation throughout the crystal. This three-dimensional spatial detail is preserved in the diffraction pattern. In biological fibres, crystallinity may be well preserved in one direction but lost in the other two directions. This leads to a cylindrically smeared diffraction pattern with consequent blurring of information in the azimuthal direction. This lost detail can often be recovered, but the recovery procedure is not so direct as in the case of a crystal. In solutions of biological macromolecules, the molecules are translating and rotating freely, so the observable scattering pattern is the scattering pattern from one molecule but spherically averaged. This spherically averaged diffraction pattern can still be valuable, but lacks the fecundity of a crystal pattern. The advantage of fibre patterns is that they may be obtained from tissue in the 'native' state, so that the diffraction patterns are of immediate biological significance. Solution studies have the advantage that they may be conducted on dynamic processes occurring in solution, and they are particularly interesting if the molecular structure has already been determined by crystallography. The present communication describes some studies on fibres and solutions that illustrate the scope of the method and that reveal the complementary nature of X-ray and neutron scattering.
The term 'small-angle' when applied to the scattering methods refers to the size of the angle between the incident beam and the deflected beam in a representative region of the pattern. Traditionally X-ray-scattering studies were performed with generators producing Cu K , characteristic radiation of wavelength 0.154nm (1.54A). These X-rays scattered at small angles (-1") originate from structures of dimensions about Snm (SO A); hence small-angle scattering is produced by structures at a resolution that is sensitive to molecular shape or to molecular arrangement, but not to the atomic arrangement within molecules. Large-angle diffraction patterns are required for studies of atomic arrangements.
X-rays are scattered by the electron shells surrounding the atomic nuclei. The intensity of X-ray scattering is proportional to atomic number of the scattering centres, and so X-ray patterns, when interpreted, lead to electron-density maps (see, e.g., Lipson, 1970) . Neutrons are scattered by the atomic nuclei, and the intensity of neutron scattering has no simple dependence on atomic number (see, e.g., Bacon, 1969) . Different isotopes of an atom scatter neutrons differently, and in particular ,H (deuterium) scatters neutrons very differently from IH (hydrogen). Isotopic substitution is therefore a useful technique in neutron scattering. Since most biological macromolecules are in aqueous medium, the substitution of 2 H 2 0 for 'H,O alters the 'contrast' between the macromolecule and its surroundings. Mixtures containing different fractions of 2H20/'H20 allow contrast variation. Hence, when the biological system under study contains only one type of macromolecule, say protein, then X-rays are normally appropriate, but, if several macromolecular types are present, contrast variation becomes interesting. It is possible to contrast-match hydrocarbon chains at 10% *H,O/lH,O, protein at 45% 2H20/'H,0, nucleic acid at 67% 2H20/1H,0 and calcium hydroxyapatite at 80% ,H,O/ 'H,O.
Solution studies
X-ray-or neutron-scattering patterns from solutions of either macromolecules or macromolecular assemblies such as viruses or ribosomes consist of spherically averaged information. There are well-defined ways of using these data (for review of recent methods see Stuhrmann & Miller, 1978) .
Close to the origin of the scattering pattern, the intensity distribution is determined by low-resolution features such as the size and shape of the particles in solution. Further from the origin, the intensity distribution shows variations that originate from the internal structure of the particles, hence providing a higher-resolution picture. The strategy involves a fairly standard data treatment for the intensity distribution near the origin but a 596th MEETING, LANCASTER' variable, modeldependent, approach to the distribution farther from the origin. Indeed these two sets of data are usually collected in two distinct sets of experiments.
(a) Intensity close to the origin. The initial part of the scattered intensity close to the origin may be approximated by the Gaussian:
where K = (4n.sin @/A, B equals half the angle between the scattered and incident beams and R, is the radius of gyration of the particle:
This expression was first used by Guinier Br Fournet (1955) . From eqn. (1) it is clear that a plot of InZ(K) against K2 will yield a straight line of slope R; and intersect Z(o) at K = 0. Eqn. (1) is an approximation valid only between K = 0 and a limited value depending on the particle shape but in the region K2n/5Rg: The experimental values of Z(K) are obtained by measuring Z(K) values with the specimen solution in the X-ray or neutron beam. These Z(K) values are then corrected by other measurements of Z(K) in which the specimen solution is replaced by the buffer solvent, by an empty cell or capillary and by a standard scatterer such as water to normalize the intensity to detector response. Non-linearity of the In Z( K)-versus-K2 curve at low values of K usually indicates aggregation of the particles. Measurements of the Guinier curve are made at relatively low concentrations of solute (1-3 mg/ml) in order to minimize scattering effects from interference between particles. If the concentration of the solute can be measured and absolute values of the intercept Z(o) are available, then it is possible to get a value for the molecular weight of the particle M !z Z(o)/c. If knowledge of R, can be supplemented by the molecular composition, then it may be possible to infer the axial ratios of the particle.
(b) Intensity distribution further from the origin. The intensity distribution outwith the Guinier range is due to the internal structure of the particle. The approach usually adopted is to postulate a model and calculate its predicted intensity distribution, which may be compared with the observed distribution. If the particle may be regarded as spherical at low resolution, then it may be approximated by a set of concentric shells.
Fibrous specimens
These possess various degrees of order between that of a crystal and that of a solution. The degree of order usually dictates the approach, and this is illustrated below.
Exump les
(a) Connective tissue. Collagen, the basis of animal connective tissue, is a fibrous material with a well-developed periodicity in one dimension. This gives rise to a set of so-called meridional reflexions in the diffraction pattern. Since the helical structure of the molecule and its amino acid structure are well known, it is easy to postulate a model that accounts for the observed diffraction pattern. The intensities of the meridional reflexions originate from the structure as projected on to the fibre axis. The principal unknown in the structure is the conformation of the non-helical telopeptides at each end of the collagen molecule. These telopeptides of 16 residues at the N-terminal end and 25 residues at the C-terminal end of the molecule are the loci of the essential covalent cross-links that stabilize the collagen fibrils in normal tissue. Analysis of the X-ray pattern revealed that a model with telopeptides in which the inter-residue distance was shorter than that in the helical part of the molecule gave a Vol. 9 predicted pattern that fitted well with experimentally observed pattern (Hulmes et al., 1977) . This model was then open to the stringent requirement that it also had to predict the neutrondiffraction pattern, and this at a range of different contrasts determined by the 2H20/1H20 ratio in the medium. Analysis of the neutrondiffraction pattern did, in fact, confirm the model (Hulmes et al., 1980) , thus providing information about the telopeptides that is otherwise very difficult to obtain. In the model, residues known to be covalently cross-linked are found to be aligned in close register.
Collagen fibrils become mineralized when calcium hydroxyapatite is deposited within and around them, but it has been difficult to obtain any precise information about the structural relationship between the collagen and mineral phases. X-ray patterns are dominated by scattering from the mineral. However, in neutron patterns the collagen and mineral contribute to similar degrees; furthermore, collagen is matched out at 47% 2H20/1H20 and mineral at 80% 2H20/1H20. Studies at different contrasts revealed that mineral certainly occurs regularly in the 'gap' regions of the collagen fibrils (White et al., 1977) , and that in the early stages of mineralization the mineral is nucleated at a specific point in the gap rather than uniformly throughout it (Berthet-Colominas et al., 1979) .
(b) Viruses. Viruses consist of protein, nucleic acid and frequently lipid-containing membrane. They are therefore excellent candidates for contrast-variation studies by neutron scattering. This is especially so when the virus particles do not crystallize, though even when they do crystallize neutron studies have been the first to reveal the nucleic acid distribution.
Here recent examples that provided new information about the molecular arrangement in the viruses are described.
(i) Alfalfa-mosaic virus. This is an economically important plant virus shaped like a short cylinder with hemispherical caps. The capsid structure was shown by electron microscopy (Mellema, 1975) to be an open structure based on a hexagonal lattice with distinct holes in the 3-and 6-fold positions. The virus is sensitive to ribonuclease attack. Nothing was known about the RNA position. Neutron scattering readily showed that the RNA was confined to the interior of the capsid (Cusack et al., 1981) , and X-ray scattering that the virus did not readily swell or shrink with pH changes (Oostergetel et al., 1981) . Ribonuclease is thus likely to be able to penetrate the capsid structure.
(ii) Influenza virus. This is a spherical virus containing a membrane layer in addition to protein and nucleic acid. Neutron scattering with contrast variation has been supplemented by electron microscopy and light-scattering to produce a secure low-resolution picture of the virus particle (Mellema et al., 198 1) . The molecular weight of the whole particle was shown to be 2.2 x lo*, a value substantially lower than previously thought. A good value of the molecular weight is of critical importance in establishing the stoicheiometry and symmetry of the virus surface. The spherical structure of the virus means that it can be approximated at low resolution by a set of concentric shells of various radii and weights. Such a shell model can be fitted to the neutron-scattering data to give a fairly secure value of 42.5nm (425A) as the radius of the membrane bilayer and 58.0nm (580A) as the outer radius of the complete particle.
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Stuhrmann, H. They include biological activities as diverse as cell adhesion, non-immune host defence and regulation of certain aspects of embryonic differentiation. Related to these activities are a number of binding activities to biologically important macromolecules, e.g. proteoglycans (Table 2 ). The biochemical mechanisms by which fibronectin acts in these multiple binding and biological events have been under intensive investigation. Two approaches have been to analyse the nature of its binding interactions and to dissect the molecule into its substituent binding regions. For example, the binding of the glycosaminoglycans heparin and hyaluronic acid has been shown to occur at saturable non-competing sites with moderate binding affinities estimated at K, = 10-l~ for hyaluronic acid and 10-7-10-9~ for heparin (Yamada et al., 1980) . The binding is not inhibited by collagen, which is known to bind to fibronectin with high affinity at yet another site (reviewed by 
